The temperature and doping dependence of transport coefficients of Yb(Rh1−xCox)2Si2 series of alloys is explained by an asymmetric Anderson model which takes into account the exchange scattering of conduction electrons on Ytterbium ions and the splitting of 4f -states by the crystalline electric field (CEF). The substitution of rhodium by cobalt is described as an increase of chemical pressure which reduces the exchange coupling and the CEF splitting. The scaling analysis and numerical NCA solution of the model show that, at a given temperature, the effective degeneracy of the 4f -state depends on the relative magnitude of the Kondo scale and the CEF splitting. The temperature and doping dependence of the thermopower of Yb(Rh1−xCox)2Si2 series of alloys is explained as an interplay of quantum fluctuations, driven by the exchange scattering, and thermal fluctuations which populate the excited CEF states. The theoretical results obtained in such a way capture all the qualitative features of the experimental data.
I. INTRODUCTION
Recent investigations of electrical, thermal, magnetic, and spectroscopic properties of strongly correlated material Yb(Rh 1−x Co x ) 2 Si 2 revealed a number of interesting, doping-dependent features that have not been fully understood. [1] [2] [3] [4] [5] The high-temperature transport coefficients 1,2 exhibit typical Kondo behaviour due to the scattering of conduction electrons on Yb ions but the non-monotonic temperature dependence of the data indicates that Kondo effect is modified by the splitting of the 4f state by the crystalline electrical field (CEF) into several multiplets. The substitution of rhodium by cobalt reduces the Kondo scale and changes the temperature dependence of transport coefficients in a qualitative way 1,2 (see, e.g., Fig.1 ) but the relationship between the doping-induced change of the Kondo scale and the CEF splitting has not been established.
The neutron scattering data 5 show that the 4f -state of YbRh 2 Si 2 is split by the CEF into four doublets and that the first excited level is separated from the ground state by an energy ∆ 1 200 K. In YbCo 2 Si 2 , the data show the same level scheme but ∆ 1 ≤50 K. 4 Magnetic and thermodynamic measurements on Yb(Rh 1−x Co x ) 2 Si 2 alloys provide an indirect evidence 2,3 that the structure of the CEF excitations is unchanged by doping but that ∆ 1 decreases as x increases. Thus, an increase of cobalt concentration reduces not just the Kondo coupling but the CEF splitting as well; this should be taken into account, when analysing the thermoelectric response of these materials.
Our paper explains the thermopower of Yb(Rh 1−x Co x ) 2 Si 2 series of alloys 1 using a highly asymmetric Anderson model with several f -like multiplets. The calculations take into account the reduction of the exchange coupling and the CEF splitting due to the substitution of rhodium by cobalt. In what follows, we discuss the experimental results in Sec. II, describe the model in Sec. III, provide a qualitative solution obtained by a poor man's scaling in Sec. IV, and discuss the numerical NCA solution of the model in Sec. V. The theoretical results are compared with the experimental data in Sec. VI and Sec. VII summarises the results.
II. EXPERIMENT
The temperature dependence of the thermopower of Yb(Rh 1−x Co x ) 2 Si 2 alloys, S(T ), is shown in Fig.1 and, for x > 0, it changes sign above room temperature. An increase of x makes the minimum less deep but doesn't change much the value of T min . The thermopower of a similar shape is often found in Kondo systems with a large Kondo scale or in valence fluctuating materials. 6 At higher doping, x > 0.27, the thermopower acquires a double-well shape, i.e., in addition to the hightemperature minimum, around T min 100 K, it develops a low-temperature one at T 0 ≤ 10 K. For temperatures between T 0 and T min , we find a maximum of S(T ) at temperature T max , where S(T max ) is negative for x < 0.68 and positive for x > 0.68. The data show that an increase of x pushes T max and T 0 to lower values; it also reduces temperature at which S(T ) changes sign. Contrary to that, T min doesn't change much with doping.
The electrical resistivity of Yb(Rh 1−x Co x ) 2 Si 2 alloys 2 exhibits a maximum at temperature T ρ max which decreases as the concentration of cobalt increases. For large enough x, a secondary maximum appears at a higher temperature which is not much different from T min . For T ≥ T ρ max , the conduction electrons' mean free path is very short (it is of the order of the lattice spacing), so that the transport properties can be discussed assuming incoherent scattering of conduction electrons on Yb ions. Since we have T ρ max < T 0 for all x, the non-monotonic behaviour of S(T ) in Yb(Rh 1−x Co x ) 2 Si 2 can be described by an impurity model. For a periodic array of Yb ions, such a description breaks down at T T ρ max due to the onset of coherence. At such low temperatures, the resistivity and thermopower should follow the Fermi liquid laws. 7
III. THE MODEL
To model Yb(Rh 1−x Co x ) 2 Si 2 alloys we take one Yb ion per unit cell and assume that the scattering of conduction holes on a given Yb ion is independent of other Ytterbiums, except through the modification of the chemical potential. In other words, we use an effective impurity model which treats the 4f states as scattering resonances rather than Bloch states but it allows for the charge transfer between the conduction and f -states. The chemical potential, µ, is adjusted at every temperature and doping, so as to maintain the overall charge neutrality of the compound. 6 That is, for n c conduction holes and n f Yb holes per site, the total charge n = n c + n f is always conserved. The fluctuations of Yb ions between the lowenergy 4f 13 and the high-energy 4f 14 or 4f 12 configuration broaden the 4f-states into resonances of half-width Γ = πV 2 N (µ), where V is the hybridization matrix element and N (µ) is the conduction electrons density of states at the Fermi level.
In the large-U limit, where the two-hole configuration of Yb ions can be neglected, we arrive at an effective single-impurity Anderson model in which the singlehole configuration is represented by N − 1 excited CEF states separated from the ground state by energies
Here, E 0 f and E i f are the energies of the ground and excited states, respectively. The total degeneracy of 4f -states is N = N −1 i=0 N i , where the individual degeneracies of the CEF states, N i , are determined by the point group symmetry of the crystal. In the hole picture, the Kondo effect due to the 4f 13 -4f 14 fluctuations is described by the Hamiltonian, 8
H band describes the single-hole excitations in the conduction band with a semielliptical density of states centred at E 0 c and of half-width W , which we take as the unit of energy. The origin of the energy axis is set to µ. The unrenormalized CEF excitations of 4f ions are described by H imp ; their spectral functions are given by a set of delta functions at energies E i f > 0 (i = 0, . . . , N ). The transfer of holes between the 4f ions and conduction band is described by H mix which depends on the coupling constant g 0 = Γ/πE 0 f ,. This coupling broadens the spectral functions of 4f excitations into narrow resonances.
The qualitative features of the model depend in an essential way on the coupling constant g, the lowest energy of the 4f -hole E 0 f , and the CEF splitting ∆ 1 . In Yb intermetallics, pressure or chemical pressure shift the 4f -states away from the chemical potential, without changing much their width Γ. Thus, the cobalt doping increases E 0 f , which reduces the coupling constant and the Kondo scale. The data on Yb(Rh 1−x Co x ) 2 Si 2 alloys show also that cobalt doping reduces the CEF splitting. This facilitates the thermal occupation of excited states and changes the effective degeneracy of the 4f -states at a given temperature.
In what follows, we first solve the model by the poor man's scaling and find its qualitative features in various parts of the parameter space. Then, we solve the model in the non crossing approximation (NCA) and study the effects of temperature and doping on transport coefficients. The input parameters for numerical calculations are Γ, E 0 f (g 0 = Γ/πE 0 f ), ∆ i , N i , and the total number of electrons n f + n c . For Yb-based compounds, we take N = 8, n f ≤ 1, and assume Γ,
IV. THE SCALING SOLUTION
For given input parameters, the scaling equations are obtained by reducing the band width from W to W −δW and renormalizing the coupling constant from g to g +δg, while keeping the form of the Hamiltonian unchanged. Considering, for simplicity, a m-fold degenerate CEF ground state separated from a M -fold degenerate excited state by energy ∆, we obtain the scaling equation 6,10 ,
where T K is the scaling invariant of the model at hand, N = m + M , and T 0 K = W e −1/2g0 is the scaling invariant of a 2-fold degenerate model with the same bare coupling g 0 and band-width W 0 . The Kondo scale of the model is provided by the low energy cut-off at which the renormalized coupling diverges 9 . The scaling shows that T K depends exponentially on the coupling constant and algebraically on the CEF splitting.
The properties of the system are determined by the renormalized coupling, g(W, T K , ∆), which is obtained by replacing g 0 by g in Eq.
(2). Then, for a given T K and ∆, we define the scaling trajectory g(T ) by making the replacement W → T . Along the scaling trajectory, the transport coefficients are obtained from the lowest order perturbation theory 8, 11 in which the bare exchange coupling is replaced by the renormalized g(T ). The results obtained in such a way are equivalent to an infiniteorder perturbation theory which keeps all the parquet diagrams 7, 11 . Depending on the relative magnitude of T K and ∆, the transport coefficients generated by scaling theory exhibit qualitatively different features, If the initial parameters are such that T K is larger or comparable to T ∆ , where T ∆ = ∆/A and A 3 -5, the quantum fluctuations render the CEF splitting irrelevant and the system behaves as N -fold degenerate one. In that case, the approximate solution of Eq.(2) is given by
where T N K is the Kondo scale of N -fold degenerate f -state coupled to conduction states of bandwidth 2W . Since T 0 K /W 1 and N is large, T N K is greatly enhanced with respect to T 0 K . For T > T ∆ , the system is in the local moment (LM) regime with large magnetic entropy. As temperature is reduced, the scaling breaks down at T T ∆ , where g(T ) diverges. Here, the magnetic entropy is removed by a crossover to a non-degenerate Fermi liquid (FL) regime 10, 11 but the details of the crossover cannot be obtained by scaling.
For T /T N K ≥ 1, the lowest order perturbation theory in terms of the renormalized coupling gives the electrical resistivity, ρ = ρ [g(t)], as universal function of reduced temperature t = T /T N K . The resistivity obtained in such a way is a monotonic function of temperature: it is negligibly small for t 1 and it is close to the unitarity limit for t 1. (The unitarity limit of the Anderson model, given by ρ(T = 0), is known exactly from the phase shift analysis and the Friedel sum rule. 7, 8 ) The high-temperature thermopower obtained in the same way has a positive slope in the LM regime, where t 1, and a negative one in the FL regime, where t < 1. (The scaling theory breaks down for t < 1 but since S(T ) has to vanish at T = 0, its low-temperature slope must be negative.) Thus, for T N K ≥ T ∆ , the thermopower exhibits a single (negative) minimum at temperature T min , indicating the crossover from a LM to FL state. A decrease of the coupling constant, for given N , reduces T N K and shifts T min to lower temperatures.
In the opposite case, such that T K ∆, the approximate solution of Eq.(2) can be written as
or
Here, T K is the Kondo scale of the Anderson model which describes an impurity with M -fold degenerate excited states split-off from the 2-fold degenerate ground state by energy ∆. The value of T K is enhanced with respect to the Kondo scale of a plain doublet, T 0 K , by factor (W/∆) M/2 . An increase of g enhances T K exponentially fast, while an increase of ∆ reduces T K as a power law. Thus, for large enough coupling, the f -state behaves as a N -fold degenerate one, i.e., the quantum fluctuations render the CEF splitting irrelevant.
At high temperatures, T > T ∆ , thermal fluctuations give rise to a uniform occupation of all the CEF states and the system is effectively N -fold degenerate, with the scaling invariant T N K . For T ≤ T ∆ , the hightemperature scaling terminates when the excited CEF states depopulate and the system makes a crossover to a low-temperature LM regime. For T T ∆ , the fstate behaves as an effective doublet (or quartet) with Kondo scale T K , which is enhanced with respect to T 0 K by quantum fluctuations, i.e., by virtual transitions from the ground state doublet into the unoccupied CEF states. For T < T K , the remaining magnetic entropy of the 2fold degenerate LM is removed by the crossover into the FL state.
The transport coefficients can now be inferred by applying the renormalized perturbation expansion to each one of the scaling regimes. For T ≥ T ∆ , the resistivity and the thermopower are universal functions of T /T N K , while for T T ∆ , they are universal functions of T /T K . Since T /T N K T /T K and the resistivity monotonically decreases as temperature incteases, we have ρ(T /T K ) < ρ(T /T N K ), i.e., the resistivity drops at the crossover from large to small values. Below the crossover, the resistivity increases again as temperature decreases, albeit with a smaller slope. This increase is due to the Kondo scattering of conduction electrons on the effective 4f doublet. Eventually, at low enough temperatures, rather than saturating at the unitarity limit for impurity scattering, the resistivity drops to very small residual values characteristic of a lattice of coherent 4f states.
As regards the thermopower of a system such that T K T N K ∆, it is large for T > T ∆ , where a single 4f hole is distributed over N scattering channels and the system is far from the electron-hole symmetry. Here, the slope of S(T ) is positive and the reduction of temperature can bring S(T ) down to rather large negative values, typical of Kondo systems with large Kondo scale.
For T ≤ T ∆ , thermal depopulation of excited CEF states gives rise to the crossover into the low-temperature LM regime. Here, a singe f -hole has only two channels available for scattering and the system is close to half-filling, and the ensuing thermopower is small. (At half filling exactly, S(T ) = 0.) The break-down of the N -fold degenerate LM regime is indicated by a minimum of S(T ) at T min < T ∆ .
In Yb compounds, the crossover from the N -fold to the 2-fold (or 4-fold) degenerate LM regime is characterized by ythe thermopower with a negative slope. Once the low-temperature LM regime is stabilised, i.e. temperature is such that T K T T min , the thermopower becomes a universal function of T /T K with a positive slope. Eventually, for T T K , the system makes a crossover in the FL regime, where S(T ) −T /T K . Thus, the poor man's scaling of the Anderson model with the CEF splitting yields the thermopower with two minima: the hightemperature one, indicating the collapse of the N -fold degenerate LM regime and the low-temperature one, indicating the collapse of the 2-fold degenerate LM regime, and the crossover into the FL regime.
The scaling theory describes rather accurately the properties of the system in the LM regimes. However, it cannot describe the crossovers or the low-temperature FL regime. Under chemical pressure, the coupling constant and the CEF splitting of Yb(Rh 1−x Co x ) 2 Si 2 change simultaneously, making the scaling trajectory subject to two competing effects. The ensuing shifts of the thermopower minima are difficult to infer from scaling and in order to analyse the experimental data, a more accurate solution has to be used. The solution of the model provided by the NCA calculations is presented next.
V. THE NUMERICAL NCA SOLUTION
The single-particle spectral functions of the f-holes and the transport coefficients of the Anderson model, obtained by solving numerically the NCA equations, have been discussed in detail in Refs. [6, 8] . Here, we consider the modifications due to a simultaneous change of the coupling constant and the CEF splitting. These results allow us to discuss the behaviour of Yb(Rh 1−x Co x ) 2 Si 2 series of alloys for various concentration of cobalt ions.
We present the results for the ground state doublet at energy E 0 f , an excited quartet at E 0 f + ∆ 1 , and an additional excited doublet at E 0 f + ∆ 2 . All the energies are measured with respect to µ. We choose Γ = 0.12 eV, W =4 eV, and n tot =5.63 electrons per ion, i.e., we take (on average) 0.74 holes in each one of 8 'effective' hybridized channels. The behaviour of the spectral function is illustrated at various temperatures for E 0 f = 1.0 eV, ∆ 1 = 0.06 eV, and ∆ 2 = 1.06 eV. The temperature and doping dependence of the thermopower are obtained by performing the calculations for several additional values of E 0 f and ∆ 1 . 
A. Spectral function
The spectral function, A(ω), of an Yb 4f -hole is shown in Fig.2 as a function of frequency and for several temperatures. This spectral function describes the hole-like excitations and exhibits at low temperatures a Kondo resonance centred slightly below the chemical potential. In the NCA calculations, the Kondo scale of the model is provided by the distance of the centre of the resonance from the chemical potential 7, 8 . At low temperatures and for the model with the CEF splitting, this distance is exponentially reduced with respect to the Kondo scale of an 8-fold degenerate model with the same coupling constant. The spectral function exhibits additional lowenergy resonances which are shifted by ±∆ 1 from the chemical potential. These resonances are due to the exchange scattering of conduction electrons on the excited CEF quartet. The weak resonance at about ω 0.95 eV is due to the single particle excitations and its position is determined by E 0 f . (The small downward shift with respect to the input value is caused by enforcing the charge neutrality condition.) The weak resonance at about ω −1.1 eV is also a many-body effect due to the highest CEF doublet. The inset in the upper panel of Fig. 2 shows the temperature dependence of the lowenergy spectral weight. The low-energy peaks due to the CEF excitations are well resolved for T ≤ ∆ 1 /3 but for T > ∆ 1 only a single Kondo resonance remains (blue curve). This resonance characterizes an 8-fold degenerate f-hole and if we take its distance from the chemical potential as an estimate of the Kondo scale, the values are consistent with the results obtained by the the NCA for an octet. Thus, the spectral function indicates clearly the high-temperature crossover from an 8-fold degenerate to a 2-fold degenerate LM regime and, eventually, the low-temperature crossover from the LM to the FL regime.
B. Thermopower
The same crossovers are revealed by the temperature dependence of the thermopower, as shown in Fig.3 for several positions of the ground state doublet and with other parameters the same as in Fig.2 . The modification of S(T ) due to the change of the CEF splitting is shown in Fig.4 for several values of ∆ 1 and two values of E 0 f . The data plotted in Figs. 3 and 4 reveal the following features. Above 300 K, S(T ) is a logarithmic function of temperature with a positive slope (the logarithmic behaviour extends much above 700 K, the highest temperature shown in the figure). At lower temperatures, S(T ) shows a minimum at T min 300 K, a maximum between 200 K and 50 K, and another minimum at temperature T 0 ≤ 20 K. The value of S(T ) at T min is more negative for larger coupling (smaller E f ), i.e., large thermopower is found in the systems with large Kondo scale. For a given CEF splitting, a reduction of E f (an increase of the coupling constant) increases T 0 and reduces T min , so that the separation between the thermopower minima decreases and the double-well shape of S(T ) becomes less pronounced. As shown in Ref. [6] , for small enough E f , the thermopower minima coalesce and, eventually, a single broad minimum emerges.
The non-monotonic behaviour of S(T ) revealed by the numerical solution of the NCA equations is explained by the scaling theory discussed in the previous section. Since the parameters in the NCA calculations yield T K T N K T ∆ , the system has more than one LM regime and the thermopower shown in Figs. 3 and 4 ex-hibits two minima. At very high temperatures, where all the states are thermally occupied, the system is fullydegenerate, so that the CEF splitting can be neglected and S(T ) is a logarithmic function. For T < T ∆ , the excited CEF states depopulate and the effective degeneracy of the f-level starts decreasing. The thermopower minimum at T min T ∆ T N K indicates the collapse of the highly-degenerate LM regime and the crossover to the low-temperature LM regime. The shift of T min with E f , which can be seen in Fig.3 , is also explained by scaling. For a given CEF splitting, an increase of the exchange coupling enhances the Kondo scale, so that the quantum fluctuations diminish the crystal field effects and make the f -state appear fully-degenerate at lower temperature. For larger exchange coupling (at constant ∆), the collapse of the N -fold degenerate LM state occurs at lower temperature.
In the crossover region, T < T min , the thermopower increases until the low-temperature LM state is stabilised, as indicated by the maximum of S(T ) at T max . The value of S(T ) around T max is negative for small E f (large coupling) and positive for large enough E f (small coupling). For T < T max , the thermopower behaves as expected of a 2-fold degenerate f -hole: it decreases logarithmically towards the low-temperature minimum at T 0 . This minimum, signifies the collapse of the 2-fold degenerate LM state and the crossover into the FL regime; it is visible in Fig.3 for E 0 f ≤ 1.0, while for E 0 f > 1.0, our numerical procedure becomes unstable before we can reach T 0 . At lowest temperatures, such that T T K , the thermopower should follow the Fermi liquid law, S(T ) −T /T K . However, we cannot reach that regime by our NCA solution. For weak coupling, the temperature at which S(T ) changes sign provides an estimate of T K . This temperature agrees with the Kondo scale inferred from the maximum of the spectral function. For larger coupling, the low-temperature thermopower doesn't change sign and we obtain an order of magnitude estimate the Kondo scale of the effective doublet by using of T K ∝ T 0 .
If E f is reduced sufficiently, the exchange coupling becomes such that T N K ≥ T ∆ , and quantum fluctuations render the CEF splitting irrelevant, i.e., the system becomes effectively N -fold degenerate. In that case, the NCA calculations yield the thermopower with a single negative minimum and with an N -dependent shape 6, 8 . For large degeneracy, N 1, the thermopower is always negative and its high-temperature slope is very small; the minimum of S(T ) is not very pronounced and the value of T min is unrelated to T N K . When degeneracy is reduced, N ≤ 6, the thermopower changes sign at high enough temperatures and the minimum is better pronounced. For N =2, temperature at which S(T ) changes sign or temperature at which S(T ) has minimum can be simply related to the Kondo scale of the model.
The variation of S(T ) due to the change of the CEF splitting is presented in Fig.4 . The data show that a decrease of ∆, with other parameters being fixed, shifts T min to lower and T 0 to higher values. This is consistent 
FIG. 4:
The dependence of S(T ) on the position of the first excited CEF level ∆1 is shown for E f = 1.1 (red symbols) and E f = 1.0 (black symbols). The data are plotted for ∆1=0.05 eV (dashed line), ∆1=0.06 eV (full line), and ∆1=0.07 (dashed-dotted line). A simultaneous decrease of ∆1 and increase of E f , due to chemical pressure, reduces the Kondo scale and moves T0 to lower temperature, while Tmin doesn't change much.
with the scaling analysis which shows that the reduction of ∆ has a two-fold effect: i) it reduces temperature at which the population of the excited CEF states changes, thereby decreasing T min , ii) it enhances the Kondo scale of the effective doublet, so that T 0 increases. (For an effective doublet, T 0 is proportional to T K .) On the other hand, an increase of E f , with other parameters being fixed, has the opposite effect. It reduces the exchange coupling and shifts T K and T 0 to lower values. But the effect of quantum fluctuations is now also reduced, so that higher temperature is needed in order to populate the excited CEF states, i.e., T min increases.
If an application of chemical pressure reduces simultaneously the CEF splitting and the exchange coupling (by increasing E f ), the position of T min doesn't change much, while T 0 is shifted to lower temperatures. (Compare the data obtained for E f =1.0, ∆=0.06 (black diamonds) and E f =1.1, ∆=0.05 (red circles), showing that in both cases T min is nearly the same, while T 0 is shifted a lot.
VI. COMPARISON OF THE THEORY AND EXPERIMENT
more negative than for higher cobalt concentration. We now have T K < T N K and T N K T ∆ . For low enough x (smaller E f and larger ∆), the value of T max is pushed up, the maximum of S(T ) is suppressed, and the doublewell shape of S(T ) is transformed into a single minimum with a shoulder on the low-temperature side 6 .
For x < 0.195, the coupling constant is assumed to be so large that quantum fluctuations dominate over tha thermal fluctuations and the CF splittings cease to plays any role. The f -state behaves as an effective octet with Kondo scale T N K and in order to remove a huge magnetic entropy at low temperatures, the system makes a crossover from an N -fold degenerate LM state to a non-degenerate FL ground state. The thermopower exhibits a single minimum but, since N is large, T min and T N K are not simply related. An increase of the exchange coupling, at constant N , enhances the Kondo scale and broadens the minimum of S(T ); it also reduces the hightemperature slope of S(T ), so as to make the minimum of S(T ) less pronounced. For T T min , the thermopower changes sign, except at lowest cobalt concentrations, where S(T ) always remains negative. Behaviour of this type is seen not just in Yb(Rh 1−x Co x ) 2 Si 2 for low cobalt concentration but also in other Yb systems with large Kondo scale.
VII. CONCLUSIONS AND SUMMARY
The temperature and doping dependence of transport coefficients of Yb(Rh 1−x Co x ) 2 Si 2 series of alloys is explained by an asymmetric Anderson model which takes into account the exchange scattering of conduction electrons on Ytterbium ions and the splitting of the 4f -state by the CEF. The substitution of rhodium by cobalt is treated as an increase of chemical pressure which reduces the exchange coupling and the CEF splitting. The model neglects all the details of the band structure, so we do not aim at a quantitative description of the experimental results. However, on a qualitative level, the interplay of the Kondo effect and the CEF splitting captures all the main features of the experimental data on Yb(Rh 1−x Co x ) 2 Si 2 intermetallic compounds.
The scaling analysis and numerical solutions of the NCA equations show that the effective degeneracy of the 4f -state at a given temperature depends on the relative importance of quantum fluctuations, driven by the exchange scattering, and thermal fluctuations which populate the excited CEF states. The properties of the system crucially depend on the ratio T K /∆, where T K is an exponential function of the exchange coupling. Since the CEF splitting and the exchange coupling are linear in cobalt concentration, the ratio T K /∆ is a highly nonlinear function of doping. Plotting, in analogy with the Doniach diagram, T K and ∆ versus chemical pressure yields a phase diagram in which the T K ≥ ∆ region is separated from the T K ∆ region. The temperature dependence of the response function in these two regions is completely different: in the former, the system makes a single crossover from a highly degenerate LM state to a FL state, while in the later, there are two crossovers. The first one, from the highly degenerate to the 2-fold degenerate LM regime and the second one, from the LM to the FL regime. Thus, the evolution of thermopower across the Yb(Rh 1−x Co x ) 2 Si 2 series of alloys can be understood as an interplay of quantum and thermal fluctuations.
